ABSTRACT. The optimal magnesium ion concentration for chain initiation in a cell-free system derived from bovine eye lens which synthesizes 4 classes of crystallins appears to be 5 raM. In the synthesis of ~-crystallin polypeptides which contain one internal methionine residue and the second one in N-terminal position, Met-RNA fMet functions exclusively as initiator. On the other hand at 5 mM Mg 2+ Met-tRNA Met inserts its methionine into the internal position. However, at higher magnesium ion concentrations the initiator tRNA also donates methionine for chain elongation while at the same time the cell-free system loses its capacity to initiate new polypeptides.
I. INTRODUCTION
Since Marcker and Sanger found that formyl-methionyl-tRNA (F-Met-tRNA fM~t) was the initiator for the biosynthesis of protein in bacteria [1 ] a number of reports appeared in the literature describing the function of initiator tRNA in eukaryotes [2] [3] [4] [5] [6] [7] .
On the other hand it has recently been reported that in mammalian systems initiator Met-tRNA can also donate methionine for internal sequences of polypeptides [8] [9] [10] [11] [12] [13] . It appears that the degree to which the initiator tRNA can serve as a donor of internal methionine moiety is strongly affected by (a) the availability of Met-tRNA Met in the reaction mixture and (b) the ionic conditions under which the reaction is carried out. The utilization of Met-tRNA fM't in chain elongation would seem to be dependent on the affinity of Met-tRNA fM~t to the elongation factor T 1 which causes a binding of aminoacyl-tRNA to the A-site of the ribosome. It has been shown that the magnesium ion concentration strongly affects this affinity.
The occurrence of three Met-tRNA species in eye lens tissue has been described previously; one of these acts as initiator in protein synthesis whereas the others promote chain elongation [14] .
In the present paper we demonstrate that at low magnesium ion concentration the transfer of methionine from Met-tRNA M~t is dependent upon the incorporation of methionine from MettRNA eMet into the N-terminal position and that at Mg 2+ concentrations higher than 5 mM Met-tRNA fM~t loses its specificity as initiator.
II. MATERIALS AND METHODS
Lens tRNA was isolated and separated into three chromatographically distinct fractions capable to promote methionine incorporation [14] . Initiator tRNA was charged with (aSS)methionine (spec. act. 40 Ci mmol-1) using a crude preparation of aminoacyl-tRNA synthetases from E. coli. (35S) Met_tRNAfMet prepared according to this procedure did not contain any (a 5S)Met.tRNAM~t
The procedure for in vitro synthesis of eye lens proteins has been described previously [15] . To prevent re-utilization of (a5S)methionine hydrolyzed from tRNA fMCt and bound to tRNA M~t a large excess of unlabeled methionine was present in the incubation mixture.
Separation of eye lens crystallins according to molecular weight was carried out following the procedure of Schoenmakers et al. [17] . The procedures for different proteolytic digestions have been described previously [16, 18, 19] . Analysis of the resulting peptides was performed by high voltage paper electrophoresis at pH 6.5 for 2 hr at 50 V cm -1. The electropherograms were cut into 1-cm strips which were counted in a liquid scintillation counter using a toluene based scintillator. Unlabeled reference peptides were stained with platinic iodide [20] .
III. RESULTS AND DISCUSSION
In the cell-free system derived from calf lenses the optimal magnesium ion concentration for amino acid incorporation is 5 mM. As shown in Fig. 1 the Mg 2 § concentration curve exhibits a shoulder between 7 and 12 mM.
From previous experiments it can be concluded that, if (35S)Met-tRNAfMet is used in the lens cell-free system the radioactivity is almost completely transferred to the N-terminus of c~-crystallin polypeptides [16] . Moreover all newly synthesized chains are N-terminally acetylated. To see whether the magnesium ion concentration influences the specificity of the initiator tRNA a lens Nl~Z+corlcentr~tion (m M) Fig. 1 . Effect of magnesium ion concentration on the incorporation of methionine into lens proteins using (asS)-Met-tRNA r~et. Incubations were carried out as described in the method section in a total volume of 0.05 ml. After incubation 0.02 ml samples were withdrawn and treated with 0.5 ml of 0.1 M NaOH; the protein was precipitated and washed with 5 ~ trichloroacetic acid and collected on glass fiber filters. The magnesium concentrations men-' tioned in the figure are composed of the contribution of Mg 2+ present in the lysate plus the amount of magnesium added. 
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Identification of c~-crystallin peptides after digestion with pronase. Incubations (0.5 ml) were carried out as described in the method section, with exception of the Mg 2+ concentration which was varied. After incubation at 30~ for 30 min the remaining labeled tRNA was destroyed by RNAase treatment and the reaction mixture was passed through a Sephadex G-200 column. The peak containing ct-crystallin was pooled, the protein solution was dialyzed and lyophilized. The protein was digested with pronase at 37~ for 6 hr in a total volume ofO.5 ml. Then the solution was acidified with acetic acid and lyophilized. Electrophoresis was performed on Whatman 3 MM paper at pH 6. lysate was incubated using (35S)Met-tRNmfMet as radioactive label at two different Mg 2+ concentrations (5 and 12 mM). In both cases ~-crystallin was isolated by gel filtration on Sephadex G-200 and the purified ~-crystallin was subjected to digestion with pronase. Paper electrophoretic analysis of the resulting peptides is shown in Fig. 2 . After incubation at 5 mM Mg 2+ the label was exclusively incorporated in the N-terminal dipeptide Ac-Met-Asp ( Fig. 2A) , whereas after incubation at 11 mM the radioactivity was recovered exclusively in the position of methionine, which originated from the internal methionine peptide of ~-crystallin (Fig. 2B) . In Fig. 2C the distribution of radioactivity is depicted after pronase digestion of ~-crystallin labeled with (35S)methionine. In this case both the N-terminal and the internal methionine containing peptides were equally labeled.
A second approach has been made to investigate the specificity of Met-tRNA fMet in dependence on the Mg 2 § concentration. Incubations were performed at 5, 7 and 12 mM Mg 2 § After incubation the reaction mixtures were treated with 0.1 M KOH, the protein was precipitated with 5 ~ trichloroacetic acid and extensively washed with 5~ trichloroacetic acid and ethanol. Then the protein was subjected to digestion with subtilisin, and the resulting peptides were analyzed by paper electrophoresis at pH 6.5 (Fig. 3) . It has been demonstrated earlier that subtilisin digestion yields the N-terminal tetrapeptide of ,-crystallin [19] . It can be seen that by raising the Mg 2+ concentration the amount of radioactivity in the tetrapeptide region decreases in favor of the radioactivity derived from the internal methionine peptide at the starting zone. We have also analyzed thermolytic peptides in order to rule out the possibility that at higher Mg 2 § concentrations the acetylating mechanism is inhibited leaving a free methionine at the N-terminus which might be split off by pronase as well as subtilisin.
It has been shown previously that digestion with thermolysin of either acetylated or unacetylated polypeptides from ~-crystallin yields the N-terminal dipeptides Ac-Met-Asp and Met-Asp respectively [16] . Analysis of the thermolytic peptides did not reveal any Met-Asp when the incubation was performed at 12 mM Mg2+; only radioactivity with the same electrophoretic mobility as the internal peptide could be detected.
The present results support the idea that magnesium ion concentrations higher than 5 mM bring about a loss of specificity of the initiator tRNA and destroy the capacity of the protein synthesizing machinery to initiate new polypeptide chains. Most probably only the free Mg 2 § concentration in the reaction mixture is important for faithful functioning of the initiation mechanism.
The utilization of Met-tRNA f~et for chain elongation in cell-free systems can be explained in three ways:
(a) The tRNA eMet molecules from different eukaryotes or even from different organs of the same species are different in their structures which causes variations in the affinity for the T-factor.
(b) The T 1 elongation factors from different tissues exhibit different affinity for Met-tRNA fMet.
(c) Ionic conditions influence the complex constant for the formation of a complex between T~ and initiator tRNA.
With the exception of the initiator tRNA from yeast and wheat germ, which tRNA species seem to differ in structural respect from mammalian tRNAs [I0, 2I], at the moment there are no data available which support the idea that structural differences exist between initiator tRNAs from different eukaryotic sources.
Mol'e is known about the role of elongation factor T1. Several workers have studied the complex formation at the A-site of mammalian ribosomes between initiator tRNA, GTP and the transfer factor in the presence of poly AUG or endogenous messenger RNA [10] [11] [12] 21 ] . In fact the crucial point seems to be the degree of recognition of Met-tRNA fM~t by the polymerizing enzymes. This affinity can be influenced by the availability of Met-tRNA M~t and by ionic conditions.
From our experiments it is apparent that, even when a crude lens lysate is incubated, the specificity of the initiator tRNA is strongly influenced by the magnesium concentration. In Fig. 1 the shoulder in the curve for methionine incorporation via Met-tRNA fMet (between 7 and 12 mM Mg 2 § has to be considered as a range of MgZ+-concentrations where tRNA fMet provides methionine for both initiation and elongation. The donation of methionine via Met-tRNA fMct to internal positions in the polypeptide chain may be considered to be non-physiological and a consequence of the complex formation between transfer factors and initiator tRNA. Met ac-Met-Asp-ILe-Ala Fig. 3 . Specificity of initiator tRNA in the synthesis of eye lens proteins. Incubations (0.2 ml) were carried out as described in Section II at three different Mg 2+ concentrations. (35S)Met-tRNA fMet was used as radioactive precursor. After incubation at 30~ for 30 rain 0.02 ml of 1 M NaOH was added and the incubation was continued for 15 rain. 2 ml of 5 ~ trichloroacetic acid was added; the precipitate was spun, dissolved in 2 ml of 0.1 M NaOH and precipitated again with 5 ~ trichloroacetic acid. This treatment was repeated twice. Then the precipitate was washed with ethanol and dried. Digestion was performed with subtilisin and the resulting peptides were analyzed by paper electrophoresis at pH 6.5. Chemically synthesized Ac-Met-Asp-Ile-Ala was used as reference. The magnesium ion concentration used was (A) 5 mM, (B) 7 mM and (C) 12 mM, respectively.
